Abstract
Introduction
The vascular endothelium plays a vital role in regulating the cardiovascular system and maintaining vascular health [1] . Endothelial dysfunction is an initiating event in the progression of cardiovascular diseases (CVD), and it is closely associated with the adverse clinical events of patients with established CVD and metabolic disorders [2, 3] . Over the past decade, gender differences in endothelial function have been observed and recognized for their use in gender-related cardiovascular disease [4] . Gender differences in the burden of CVD influence the relationship between endothelial dysfunction and the adverse outcomes of CVD. They also provide evidence for the importance of gender-based CVD prevention [5] .
Endothelial dysfunction occurs in response to vascular risk factors. The traditional risk factors for CVD are overall similar in men and women [6] . However, there are gender differences in the prevalence of traditional risk factors. The National Health and Nutrition Examination Survey (NHANES) showed that the prevalence of high blood pressure is higher in women > 65 years of age [7] . Diabetes mellitus is more prevalent among women than men 20 years of age (8.3% vs. 7.2%) [8] . The age-adjusted prevalence of metabolic syndrome is highest among Mexican American women (40.6%), which is 22% higher than in Mexican American men [9] . The prevalence of total cholesterol 240 mg/dl for those 20 years of age was 16.2% among women and 13.5% among men [8] . Novel biomarkers representing new risk factors, such as homocysteine (Hcy), correlate with endothelial dysfunction in humans [10] . The impact of these new risk factors on vascular disease seem to vary by gender, race and ethnicity [11, 12] . Therefore, the presence of gender differences in the risk factor profiles might be one of the most important factors influencing the gender basis of CVD prevention. However, the influence of risk factor profiles on endothelial function, especially gender-related differences in endothelial dysfunction, remains to be identified. The aims of this study were to investigate the relationship between vascular risk factors and endothelial function in male and female Chinese hypertensive patients.
Methods

Study subjects
We evaluated 229 consecutive hypertensive patients who underwent peripheral endothelial function measurements at the Second Affiliated Hospital of Nanchang University from June 2013 to July 2014. Primary hypertension was defined as being treated with anti-hypertensive drugs or having a systolic blood pressure (SBP) 140 mmHg and/or diastolic blood pressure (DBP) 90 mmHg. Hyperhomocysteinemia was defined as a total plasma homocysteine concentration 10 μmol/l. Exclusion criteria were secondary hypertension; previous diagnosis of diabetes mellitus; Parkinson's disease; acute myocardial infarction; pulseless disease; severe systemic diseases, including systemic lupus erythematosus (SLE), or severe liver or renal disease; or any other situation that makes them unsuitable for participating in this study. We excluded 16 patients who met the exclusion criteria. Our final study sample included 113 male hypertensive patients and 100 female hypertensive patients.
The study was conducted according to the guidelines of the Declaration of Helsinki and was approved by the Medical Research Ethics Committee of Second Affiliated Hospital of Nanchang University, and we obtained a signed informed consent from each patient before participation.
Clinical data collection
A standardized medical history and accurate physical examination were obtained from all subjects. The self-reported smoking and alcohol consumption statuses were recorded. Height and weight were measured in a standing position without shoes. The body mass index (BMI) was calculated as the weight (in kilograms) divided by the height (in meters squared). After a 12-h fast (no alcohol), a peripheral blood sample was collected. The levels of creatinine, uric acid, fasting plasma glucose, total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol and Hcy were measured with a standard assays for all subjects. The estimated glomerular filtration rate (eGFR) was calculated according to the modified glomerular filtration rate estimating equation for Chinese patients with chronic kidney disease [13] . The serum creatinine concentrations were measured by an enzymatic method using test kits (Biote Co., Ltd., Nanchang, China), and the serum uric acid concentrations were assayed by a direct enzyme method (Medical Co., Ltd., Ningbo, China). The fasting plasma glucose level was measured using the hexokinase/glucose-6-phosphate dehydrogenase method (Biote Co., Ltd., Nanchang, China). The TC levels were determined with the enzymatic colorimetric method (Medical Co., Ltd., Ningbo, China), TG levels were evaluated by the GPO-POD method (Beckman Coulter, Suzhou, China), HDL cholesterol and LDL cholesterol were measured by direct homogeneous assay methods using detergents (Medical Co., Ltd., Ningbo, China), and plasma Hcy was determined by enzymatic methods using test kits (AUSA Co., Ltd., Shenzhen, China). All of the biochemical variables were measured using an auto-analyzer (OLYMPUS AU-2700) at the central laboratory of the Second Affiliated Hospital of Nanchang University.
Measurement of endothelial function
Peripheral endothelial function was assessed using an Endo-PAT2000 device (Itamar Medical, Caesarea, Israel), as described previously [14] . All tests were performed in the morning in a quiet, air-conditioned room with a temperature of 22-24°C. Patients were asked to fast for 12 hrs and instructed to refrain from caffeine, smoking, alcohol and strenuous exercise for at least 12 hrs before the examination.
Before measurement, patients were asked to rest for 10 min. The peripheral blood pressure was measured three times in the right brachial artery (Omron, HEM-7112); the measurements were performed at a 2-min interval, and the average SBP and DBP measurements were used for analysis and further calculation. Briefly, one PAT finger probe was placed on the index finger of the hand undergoing hyperemia testing (right hand), and a second PAT probe was placed on the contralateral index finger (left hand). A blood pressure cuff was placed on one upper arm (right hand) at whichever occlusion pressure would be higher, 220 or 60 mmHg plus systolic blood pressure. This arm was the study arm, whereas the other arm served as a control arm. The signals were measured from each fingertip at the basal state, for 5 minutes; then, the arterial flow was interrupted for 5 minutes. The pulse amplitude was recorded for 10 minutes electronically in both fingers during cuff occlusion and following cuff deflation. Typical tracings are represented in S1 Fig. The data were digitized and computed automatically with Endo-PAT2000 software; the digital reactive hyperemia peripheral arterial tonometry (RH-PAT) index, representing the endothelial function, was defined as the ratio of the mean post-deflation signal (in the 90 to 120-second post-deflation interval) to the baseline signal in the hyperemic finger and was normalized by the same ratio in the contra-lateral finger and was multiplied by a baseline correction factor, as calculated by the Endo-PAT2000 software. An RH-PAT index 1.67 was considered abnormal.
Statistical analysis
Normally distributed results were expressed as the mean ± standard deviation (SD) values. The values of the RH-PAT index, age, BMI, plasma total Hcy, uric acid, creatinine, eGFR, TC, TG, HDL cholesterol, LDL cholesterol, DBP, and fasting blood glucose were not normally distributed and were expressed as the median value (interquartile range) and were log transformed before Pearson's correlation and regression analyses. Categorical values were presented as the numbers (percentage) and compared by the chi-square test. Comparisons of continuous variables were analyzed by the independent-samples T-test or Mann-Whitney U-test, as appropriate. To determine the effect of a gender difference on the risk factors, multivariate logistic regression analysis with a Forward-Wald variable selection method was performed. Linear relationships between the RH-PAT index and risk factors were first analyzed by univariate analysis, which was followed by stepwise multivariate linear regression to assess the clinical marker correlated with the RH-PAT index in male and female hypertensive patients, respectively. Two multivariate linear regression analyses for the log RH-PAT were developed; model 1 included the variables that were statistically significant in the univariate analyses and model 2 included the factors that were independently correlated with gender differences. Pearson's correlation was used for simple linear analysis between the RH-PAT index and plasma Hcy. A 2-sided pvalue of < 0.05 was considered significant. All statistical analyses were performed with SPSS software for Windows, version 16.0 (SPSS, Chicago, Illinois). Table 1 details the clinical characteristics of all of the study subjects. There were no significant differences in the age, BMI, eGFR, fasting blood glucose, TG, LDL cholesterol, heart rate or blood pressure between male and female patients. The RH-PAT indexes were attenuated in both the male and female hypertensive patients. More of the males were smokers and alcohol consumers. Compared with males, female patients had higher TC (p = 0.001) and HDL cholesterol (p < 0.001) levels, and they had lower levels of uric acid (p < 0.001), creatinine (p < 0.001), and homocysteine (p < 0.001) as well as a lower ratio of aspirin administration (p = 0.03). Table 2 shows the result of logistic regression analysis for gender (male) in all hypertensive patients. Univariate logistic regression analysis showed that smoking, alcohol consumption, the ratio of aspirin administration and the levels of uric acid, creatinine, log(TC), log(HDL) and log(Hcy) correlated with male hypertensive patients. Multivariate logistic regression analysis further identified that smoking (odds ratio Correlation of the clinical factors with endothelial function in male and female hypertensive patients Table 3 details the univariate and multivariate linear regression analysis for clinical factors and the RH-PAT index in female hypertensive patients. Univariate linear regression analysis showed that the levels of log(HDL) and log(Hcy) correlated with the log(RH-PAT index) in female hypertensive patients. The multivariate linear regression model 1 further identified that log(HDL) (beta = 0.250, 95% CI: 0.049 to 0.450, p = 0.015) and log(Hcy) (beta = -0.132, 95% CI: -0.257 to-0.006, p = 0.041) were independently and significantly correlated with the log (RH-PAT index) in female hypertensive patients. Model 2 included creatinine, log(TC), log (Hcy) and smoking, which were identified as being independently correlated to the gender difference in all hypertensive patients. Only the log(Hcy) level was independently and significantly correlated with the log(RH-PAT index) in female hypertensive patients (beta = -0.166, 95% CI: -0.292 to -0.040, p = 0.01). Table 4 details the univariate and multivariate linear regression analysis for the clinical factors and RH-PAT index in male hypertensive patients. Unlike for female patients, none of the four identified risk factors [creatinine, log(TC), log(Hcy) and smoking] were correlated with the log(RH-PAT index) in male hypertensive patients. Fig. 1 shows the simple linear analysis result of the correlation between the log(Hcy) and log(RH-PAT index) in female (Fig. 1A) (r = -0.253, p = 0.011) and male (Fig. 1B) (r = -0.078, p = 0.413) hypertensive patients.
Results
Clinical characteristics of the study sample
The effect of gender on the clinical factors in hypertensive patients
[
Discussion
This study reports the first vascular risk factor profile for endothelial dysfunction in male and female Chinese hypertensive patients. There was a gender difference in the association between risk factors and endothelial dysfunction. More importantly, we identified that an elevated Hcy level, a non-traditional risk factor, was significantly correlated with endothelial dysfunction in female patients. Gender-related differences in endothelial dysfunction are supposed to be related to age and hormonal status [15] . Compared with men, endothelial dysfunction occurs late in women. Women have better peripheral endothelial function than men until approximately age 70 [16, 17] . In our study, RH-PAT indexes were attenuated in both male and female hypertensive patients and they have a tendency to be lower in males. In addition to age, there is also endothelial dysfunction in response to other vascular risk factors. However, a recent study investigating the gender differences associated with changes in brachial artery flow-mediated dilatation by the Framingham Risk Score in 1038 Chinese patients showed that there is a statistically significant difference in flow-mediated dilatation between women and men with the same Framingham risk level [18] . This result indicates that the traditional risk factor profiles are not sufficient to explain the gender difference in endothelial dysfunction. In our study, the traditional risk factors, including age, BMI, smoking, alcohol consumption, TC, TG, LDL cholesterol, systolic blood pressure and diastolic blood pressure, were not correlated with endothelial dysfunction in both male and female patients. Consistent with the previous population-based studies [19, 20] , the plasma total Hcy level, a novel identified risk factor for endothelial dysfunction and CVD [10] , was significantly higher in males than in females. Higher remethylation rates and higher transmethylation in females were suggested as contributing to this phenomenon [21] . However, it is worth noting that the plasma total Hcy level was significantly correlated with endothelial dysfunction in only female hypertensive patients.
The gender difference of the relationship between the plasma total Hcy and endothelial dysfunction in hypertensive patients may be clinically important. Over the past decade, researchers have made substantial efforts to improve our understanding of the gender differences in CVD and other vascular diseases, such as stroke. With respect to the vital role of endothelial dysfunction in vascular diseases, gender-related differences in endothelial dysfunction could be a potential tool in gender-related cardiovascular diseases [4] . Gender differences in the burden of vascular disease have been demonstrated in multiple epidemiologic and cohort studies [8, 22, 23] . According to the report by the American Heart Association in 2011, the absolute numbers of women living with and dying of CVD and stroke exceed those of men [8] . In 2007, women accounted for 60.6% of US stroke deaths [8] . However, the gender difference in the relationship between vascular events and the Hcy level in hypertensive patients is still controversial. In 2004, a Northern Manhattan study (NOMAS), which was a population-based study in which 73.3% of the participants were hypertensive patients, demonstrated that there were no significant differences in the association between the plasma total Hcy level and vascular outcomes by gender [24] . In contrast, a recent community-based cross-sectional study conducted in Chinese hypertensive patients showed a higher odds ratio of ischemic stroke for the total plasma Hcy level 30 (vs. 15) μmol/L in women compared with male hypertensive patients (4.41 vs. 2.84) [25] . The significant and inverse correlation between the total plasma Hcy level and endothelial dysfunction in female Chinese hypertensive patients was identified in our study as one potential cause accounting for the different burden of stroke in male and female Chinese hypertensive patients. As a novel marker and new vascular risk factor, the total plasma Hcy plasma has been demonstrated to be independently correlated with vascular disease [24, 26] . Notably, the relationship between the Hcy level and vascular disease, especially stroke, varies by gender, race and ethnicity [12] . Comparing the risk factor profiles of vascular diseases with US, a significantly increased plasma total Hcy level in the Chinese population has been acknowledged [27] . It might be one of the key causes accounting for the continuing increase of stroke incidence in Chinese individuals; therefore, it is supposed to be clinically important in China.
Endothelial function is impaired across the stages of the menopause transition in healthy women. A decline in endothelial function begins during the early stages of menopause (perimenopause) and worsens with the loss of ovarian function and prolonged estrogen deficiency [28] . Long-term hormone replacement therapy results in lower total Hcy concentrations in postmenopausal women [29] . Therefore, it could be supposed that the menopausal status may influence the correlation between endothelial function and Hcy concentration. Although we did not record the menopausal status in the study, the median age of the female patients enrolled in the study were post-menopausal. This fact should be taken into consideration that it would potentially strength the correlation between endothelial dysfunction and Hcy level in this study.
Low HDL cholesterol, one of the conventional risk factors for CVD, has been well established as a risk factor for endothelial dysfunction [30] . Traditionally, low HDL cholesterol has been considered to be a gender-neutral cardiometabolic risk factor [31] . To the best of our knowledge, no studies have investigated the gender-specific impact of HDL cholesterol on endothelial function. In our study, HDL cholesterol was identified as an independent factor that correlates with the RH-PAT index in only female hypertensive patients (Tables 3 and 4) . However, at the same time, it was not identified as a factor that independently correlates with gender differences in all patients ( Table 2 ). The relatively small number of patients in the study should be considered to underestimate the correlation of HDL cholesterol and gender difference. However, as far as the potential protective effect and the debated role of HDL cholesterol in vascular diseases are concerned [32] , the gender difference based effect of HDL cholesterol on endothelial dysfunction, identified in our study, merits further investigation in future studies.
The present study has certain limitations. There is a complete reversal of cardiovascular risk in women pre-vs post-menopause as well as in the years post-menopause [8, [33] [34] [35] [36] . However, the menopausal status was not determined in this study, which is critical, especially because there seem to be significant discrepancies between the data, populations and published literature [37] [38] [39] . Therefore, menopausal status should be noted and clarified in future studies. In addition, this study investigated only a relatively small number of patients from a single center and was limited to Chinese patients with hypertension. However, this should result in an underestimation of the findings, emphasizing the need for further multicenter studies in a larger population and different races to confirm the present results.
In conclusion, the present study demonstrates that there are gender-related differences in the risk factors for endothelial dysfunction in Chinese hypertensive patients. An elevated total plasma Hcy level and reduced HDL cholesterol level were identified as risk factors that independently correlate with endothelial dysfunction in female hypertensive patients. 
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